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DISK DRIVE DEMODULATINGA 
TIME-BASED SERVO PATTERN 

BACKGROUND 

1. Field 
The present invention relates to disk drives for computer 

systems. More particularly, the present invention relates to a 
disk drive demodulating a time-based servo pattern. 

2. Description of the Related Art 10 
A disk drive comprises ahead attached to a distal end of an 

actuator arm which is rotated about a pivot to actuate the head 
radially over a disk. The disk typically comprises embedded 
servo Sectors including head positioning information used to 
seek the head to a target track and maintain the head over the 15 
track during write/read operations. FIG. 1A shows a prior art 
format of a disk 2 comprising a plurality of embedded servo 
sectors 4-4 that define a plurality of radially spaced, con 
centric servo tracks 6. Each servo sector 4, comprises a pre 
amble 8 for synchronizing timing recovery to the data rate, 20 
and a sync mark 10 for symbol synchronizing to a servo data 
field 12, where the servo data field 12 typically comprises a 
servo trackaddress that identifies the servo track and provides 
coarse head position information during seeking. Each servo 
sector 4, further comprises fine head positioning information 25 
used to maintain the head over a data track during a tracking 
operation. In the example of FIG. 1A, the fine head position 
information comprises a plurality of servo bursts 14 posi 
tioned at precise offsets and intervals with respect to the 
centerline of the servo track. Each servo burst 14 comprises a 30 
burst of high frequency magnetic transitions which are typi 
cally demodulated by integrating the rectified read signal as 
the head passes over each burst. The demodulated bursts are 
then processed mathematically (e.g., compared) to generate a 
position error signal representing the position error of the 35 
head with respect to the servo track. 

FIG. 1B illustrates an alternative prior art “time-based 
method for generating the position error signal used for cen 
terline tracking. Each servo sector 4, comprises a time-based 
servo pattern including a plurality of timing marks formed 40 
from one or more magnetic transitions (e.g., a plurality of 
short sync marks). A plurality of time intervals are detected 
between the timing marks and the position error signal gen 
erated in response to the detected time intervals. In the 
example shown in FIG. 1B, the timing marks form an “open 45 
N” shape, wherein the time intervals T1 and T2 change rela 
tive to the radial position of the head. To avoid interference 
between adjacent servo patterns (in the radial direction), the 
servo patterns are separated circumferentially, as illustrated 
in FIG. 1B, and processed in an interleaved manner. However, 50 
when using the time-based servo pattern shown in FIG. 1B, 
there is signal loss when the head 16 is positioned between the 
tracks of adjacent servo patterns. For example, when the head 
16 is positioned between track N and track N+1, there is 
signal loss since the head 16 extends beyond the servo pattern 55 
(beyond the bottom of the servo pattern 15, of servo sector 4, 
and beyond the top of the servo pattern 17 of servo sector 
41). 

There is, therefore, a need for an improved time-based 
servo pattern format for use in a disk drive. 60 

SUMMARY OF THE INVENTION 

An embodiment of the present invention comprises a disk 
drive including a disk comprising a first set of time-based 65 
servo patterns and a second set of time-based servo patterns 
that define a plurality of servo tracks. The first set of time 

2 
based servo patterns comprises a first cyclical pattern that 
repeats radially over the disk, and the second set of time 
based servo patterns comprises a second cyclical pattern that 
repeats radially over the disk, wherein each cyclical pattern 
comprises a plurality of timing marks. One of the first cyclical 
patterns overlaps at least part of a first servo track, and one of 
the second cyclical patterns overlaps at least part of the first 
servo track. A head is positioned over the disk by demodulat 
ing at least one of the first and second set of time-based servo 
patterns. A first and second time intervals are detected relative 
to the timing marks, and a control signal for actuating the 
head is generated in response to the first and second time 
intervals. 

In one embodiment, the first cyclical pattern is the same as 
the second cyclical pattern, and in an alternative embodiment, 
the first cyclical pattern is different from the second cyclical 
pattern. 

In another embodiment, the first cyclical pattern overlaps 
the entire first servo track, and the second cyclical pattern 
overlaps a portion of the first servo track. 

In yet another embodiment, the first set of time-based servo 
patterns is processed to generate the control signal used to 
maintain the head over the first servo track, and in one 
embodiment the second set of time-based servo patterns is 
processed to generate the control signal used to maintain the 
head over a second servo track adjacent the first servo track. 

In still another embodiment, the first set of time-based 
servo patterns comprises a first timing mark, and the second 
set of time-based servo patterns comprises a second timing 
mark, wherein the first timing mark comprises a first timing 
mark pattern, and the second timing mark comprises a second 
timing mark pattern different than the first timing mark pat 
tern. 

In another embodiment, the first and second set of time 
based servo patterns overlap in the circumferential direction 
such that the first and second set of time-based servo patterns 
share at least one timing mark. 

In yet another embodiment, at least one of the first and 
second set of time-based servo patterns comprises first and 
second timing marks, wherein the first timing mark comprises 
a first timing mark pattern, and the second timing mark com 
prises a second timing mark pattern different than the first 
timing mark pattern. 

In another embodiment, the disk further comprises at least 
one groove between each servo track. 

Another embodiment of the present invention comprises a 
method of operating a disk drive, the disk drive comprising a 
disk having a first set of time-based servo patterns and a 
second set of time-based servo patterns that define a plurality 
of servo tracks. The first set of time-based servo patterns 
comprises a first cyclical pattern that repeats radially over the 
disk, and the second set of time-based servo patterns com 
prises a second cyclical pattern that repeats radially over the 
disk, wherein each cyclical pattern comprises a plurality of 
timing marks. One of the first cyclical patterns overlaps at 
least part of a first servo track, and one of the second cyclical 
patterns overlaps at least part of the first servo track. A head is 
positioned over the disk by demodulating at least one of the 
first and second set of time-based servo patterns. A first and 
second time intervals are detected relative to the timing 
marks, and a control signal for actuating the head is generated 
in response to the first and second time intervals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shows a prior art disk format including a plurality 
of concentric servo tracks defined by a plurality of embedded 
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servo sectors wherein each servo sector comprises a plurality 
of servo bursts that define a track centerline. 

FIG. 1B shows a prior art disk format wherein the servo 
bursts of FIG. 1A are replaced by time-based servo patterns 
that define a track centerline. 

FIG. 2A shows a disk drive according to an embodiment of 
the present invention comprising control circuitry for 
demodulating a new time-based servo pattern to position a 
head over a disk. 

FIG. 2B shows an embodiment of the present invention 
wherein the new time-based servo pattern comprises first and 
second cyclical patterns that repeat radially over the disk, 
wherein one of the first cyclical patterns overlaps at least part 
of a first servo track, and one of the second cyclical patterns 
overlaps at least part of the first servo track. 

FIG.3 shows an alternative embodiment of the time-based 
servo pattern wherein each cycle pattern overlaps multiple 
servo tracks. 

FIGS. 4-8 show alternative time-based servo patterns 
according to different embodiments of the present invention. 

FIG. 9 shows an embodiment of the present invention 
wherein the first and second set of time-based servo patterns 
overlap in the circumferential direction such that the first and 
second set of time-based servo patterns share timing marks. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

FIGS. 2A and 2B show an embodiment of the present 
invention as a disk drive including a disk 18 comprising a first 
set of time-based servo patterns 20 and a second set of 
time-based servo patterns 20, that define a plurality of servo 
tracks 22. The first set of time-based servo patterns 20 com 
prises a first cyclical pattern 24, that repeats radially over the 
disk 18, and the second set of time-based servo patterns 20 
comprises a second cyclical pattern 26, that repeats radially 
over the disk 18, wherein each cyclical pattern comprises a 
plurality of timing marks. One of the first cyclical patterns 24, 
overlaps at least part of a first servo track (e.g., servo track 
N+1), and one of the second cyclical patterns 26, overlaps at 
least part of the first servo track. A head 28 is positioned over 
the disk 18 by demodulating at least one of the first and 
second set of time-based servo patterns 20 and 20. A first 
and second time intervals (e.g., T1 and T2) are detected 
relative to the timing marks, and a control signal 30 for 
actuating the head 28 is generated in response to the first and 
second time intervals. 

In the embodiment of FIG.2B, the cyclical patterns 24, and 
26, both comprise a "closed N” pattern that repeats across the 
radius of the disk 18 without any spacing between the “N” 
patterns as compared to FIG. 1B. Also in the embodiment of 
FIG. 2B, each servo sector 32 has recorded therein both 
cyclical patterns 24, and 26, so that the servo sample rate 
corresponds to the number of servo sectors 32. Each servo 
sector 32 may also comprise additional information, such as 
a preamble, sync mark, and track address as shown in the 
conventional servo sector of FIG. 1A. 
The time intervals T1 and T2 are detected by control cir 

cuitry 34 within the disk drive by processing a read signal 36 
emanating from the head 28 as the head 28 passes over the 
time-based servo patterns 20 and 20. The control circuitry 
34 processes the time intervals T1 and T2 to generate a posi 
tion error signal (PES) representing an offset of the head 28 
from a target radial location (e.g., the center of a target servo 
track). The PES is converted into the control signal 30 (e.g., 
after appropriate filtering) which is applied to a Voice coil 
motor (VCM) 38. The VCM 38 rotates an actuator arm 40 
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4 
about a pivot in order to position the head 28 radially over the 
disk 18. The control circuitry 34 may process the time inter 
vals T1 and T2 in any suitable manner to generate the PES, 
Such as by computing a difference between the time intervals 
T1 and T2 divided by the sum of the time intervalsT1 and T2. 

In the embodiments of the present invention, the cyclical 
patterns (e.g., 24, and 26) overlap at least part of the same 
servo track so that signal power is not lost when the head 28 
is between tracks. This is illustrated in FIG. 2B wherein the 
head 28 is shown positioned between servo track N and servo 
track N+1. When tracking servo track N, the control circuitry 
34 adjusts timing windows to demodulate the second time 
based servo pattern 20. When the head 28 is offset up to a 
half track from the centerline of servo track N (e.g., between 
servo track N and servo track N+1), there is still a full signal 
from the timing marks in the second cyclical pattern 26, 
When the control circuitry 34 switches the target track to 
servo track N+1, the control circuitry 34 adjusts the timing 
windows to demodulate the first time-based servo pattern 
20. When the head 28 is offset up to a half track from the 
centerline of servo track N+1 (e.g., between servo track Nand 
servo track N+1), there is still a full signal from the timing 
marks in the first cyclical pattern 24. 

Thus, in one embodiment, one of the first cyclical patterns 
(e.g., cyclical pattern 24) overlaps at least part of a first servo 
track (e.g., servo track N+1), and one of the second cyclical 
patterns (e.g., cyclical pattern 26,) overlaps at least part of the 
first servo track (e.g., servo track N+1). In one embodiment, 
the first cyclical pattern (e.g., cyclical pattern 24) overlaps 
the entire first servo track (e.g., servo track N+1), and the 
second cyclical pattern (e.g., cyclical pattern 26) overlaps a 
portion of the first servo track (e.g., servo track N+1). In one 
embodiment, the control circuitry 34 processes the first set of 
time-based servo patterns (e.g., time-based servo patterns 
20) to generate the control signal 30 used to maintain the 
head 28 over the first servo track (e.g., servo track N+1), and 
in one embodiment, the control circuitry 34 processes the 
second set of time-based servo patterns (e.g., time-based 
servo patterns 20) to generate the control signal 30 used to 
maintain the head 28 over a second servo track (e.g., servo 
track N) adjacent the first servo track (e.g., servo track N+1). 
Any suitable time-based servo pattern may be employed in 

the embodiments of the present invention. FIG. 3 shows an 
embodiment wherein the time-based servo patterns 20 and 
20, comprise cyclical patterns (e.g., 42, and 44) that both 
form an “open N' pattern (spacing between each 'N' pat 
tern). Both cyclical patterns overlap at least one servo track 
(e.g., cyclical patterns 42, and 44, both overlap servo track 
N+3). Also in the embodiment of FIG.3, each cyclical pattern 
overlaps more than one entire servo track (e.g., cyclical pat 
tern 42, overlaps entire servo tracks N-1, N--2, and N+3), and 
the control circuitry 34 adjusts the timing windows to 
demodulate the time-based servo pattern that overlaps the 
entire track. For example, when the target servo track is N+3. 
the control circuitry 34 adjusts the timing windows to 
demodulate time-based servo pattern 20, and when the target 
servo track is N+4, the control circuitry 34 adjusts the timing 
windows to demodulate time-based servo pattern 20. 

FIG. 4 shows another embodiment for the time-based servo 
patterns 20 and 20, wherein the timing marks in each cycle 
pattern form a middle line surrounded by two slanted lines, 
and FIG. 5 shows yet another embodiment wherein the timing 
marks in each cycle pattern form three slanted lines. FIG. 6 
shows an embodiment wherein the first cyclical pattern in the 
first time-based servo pattern 20 is different from the second 
cyclical pattern in the second time-based servo pattern 20. 
Further example patterns used in alternative embodiments of 
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the present invention are shown in FIGS. 7 and 8 which 
further demonstrate how any suitable pattern may be 
employed. 
The timing marks that form the cyclical pattern (e.g., the 

“closed N' pattern of FIG. 2B) may comprise any suitable 
sequence of magnetic transitions. For example, in one 
embodiment the area between the timing marks comprise no 
magnetic transitions and the timing marks comprise one or 
more magnetic transitions. In an alternative embodiment, the 
area between the timing marks comprises a high frequency 
sequence of magnetic transitions (e.g., similar to a preamble) 
and the timing marks comprise one or more "drop outs' or 
“missing bits' within the high frequency sequence. Further, 
any suitable technique may be employed for detecting the 
timing marks. Such as a simple dibit detector, missing bit 
detector, or a more Sophisticated Sync mark detector. 

In one embodiment, the first set of time-based servo pat 
terns 20 comprises a first timing mark, and the second set of 
time-based servo patterns 20 comprises a second timing 
mark, wherein the first timing mark comprises a first timing 
mark pattern, and the second timing mark comprises a second 
timing mark pattern different than the first timing mark pat 
tern. For example, in one embodiment the first timing mark 
pattern comprises a first binary sequence (e.g., 010) and the 
second timing mark pattern comprises a second binary 
sequence (e.g., 101). This embodiment may allow the spacing 
between the time-based servo patterns 20 and 20 to be 
reduced without misdetecting the timing marks due to jitterin 
the timing windows. 

In one embodiment, the spacing between the time-based 
servo patterns 20 and 20, is reduced to essentially Zero by 
overlapping the first and second set of time-based servo pat 
terns in the circumferential direction such that the first and 
second set of time-based servo patterns 20 and 20, share at 
least one timing mark. This embodiment is illustrated in FIG. 
9 wherein the spacing between the time-based servo patterns 
20 and 20 of FIG. 2B has been reduced to Zero so that they 
share the center line of timing marks. In one embodiment, at 
least one of the first and second set of time-based servo 
patterns comprises first and second timing marks, wherein the 
first timing mark comprises a first timing mark pattern, and 
the second timing mark comprises a second timing mark 
pattern different than the first timing mark pattern. This 
embodiment helps prevent misdetection due to jitter in the 
timing windows. For example, this embodiment may help 
prevent misdetecting the Slanted line of timing marks in FIG. 
9 as the center line of timing marks by recording the slanted 
line of timing marks with a different pattern (e.g., a different 
binary sequence) from the timing marks that define the center 
line. This modification may be applied to any suitable cyclical 
pattern that comprises outer vertical lines, such as the pattern 
shown in FIG. 3 or FIG. 8. 
The time-based servo patterns disclosed in the embodi 

ments of the present invention may be employed with any 
Suitable recording media. In one embodiment, the time-based 
servo patterns may be employed with a discrete track record 
ing (DTR) media wherein the disk comprises at least one 
groove between each servo track. DTR media may help 
improve the signal-to-noise ratio (SNR) and thereby allow 
higher recording densities, but it may preclude the use of 
conventional servo bursts 14 shown in FIG. 1A for fine head 
positioning. 

The time-based servo patterns disclosed in the embodi 
ments of the present invention may also be written to the disk 
using any Suitable technique, such as with an external servo 
writer, a media writer, or magnetic stamping techniques. An 
external servo writer or media writer may comprise a data 
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6 
write head and a separate servo write head, wherein the data 
write head may be used to write a data portion of the servo 
sector, such as a preamble, Sync mark, and servo data (e.g., 
track address), and the servo write head may be used to write 
the time-based servo patterns. Alternatively, an external servo 
writer or media writer may utilize a single write head for 
writing both the servo data and time-based servo patterns of 
the servo sectors. 
What is claimed is: 
1. A disk drive comprising: 
(a) a disk comprising a first set of time-based servo patterns 

and a second set of time-based servo patterns that define 
a plurality of servo tracks, wherein: 
the first set of time-based servo patterns comprises a first 

cyclical pattern that repeats radially over the disk; 
the second set of time-based servo patterns comprises a 

second cyclical pattern that repeats radially over the 
disk; 

each cyclical pattern comprises a plurality of timing 
marks; and 

one of the first cyclical patterns overlaps at least part of 
a first servo track, and one of the second cyclical 
patterns overlaps at least part of the first servo track; 

(b) a head actuated over the disk; and 
(c) control circuitry operable to demodulate at least one of 

the first and second set of time-based servo patterns to 
generate a control signal used to position the head over 
the disk by: 
detecting a first time interval relative to the timing 

marks: 
detecting a second time interval relative to the timing 

marks; and 
generating the control signal in response to the first and 

second time intervals; 
wherein the first cyclical pattern overlaps the entire first 

servo track, and the second cyclical pattern overlaps a 
portion of the first servo track. 

2. The disk drive as recited in claim 1, wherein the first 
cyclical pattern is the same as the second cyclical pattern. 

3. The disk drive as recited in claim 1, wherein the first 
cyclical pattern is different from the second cyclical pattern. 

4. The disk drive as recited in claim 1, wherein the control 
circuitry processes the first set of time-based servo patterns to 
generate the control signal used to maintain the head over the 
first servo track. 

5. The disk drive as recited in claim 4, wherein the control 
circuitry processes the second set of time-based servo pat 
terns to generate the control signal used to maintain the head 
over a second servo track adjacent the first servo track. 

6. The disk drive as recited in claim 1, wherein: 
the first set of time-based servo patterns comprises a first 

timing mark; 
the second set of time-based servo patterns comprises a 

second timing mark; 
the first timing mark comprises a first timing mark pattern; 

and 
the second timing mark comprises a second timing mark 

pattern different than the first timing mark pattern. 
7. The disk drive as recited in claim 1, wherein the first and 

second set of time-based servo patterns overlap in the circum 
ferential direction such that the first and second set of time 
based servo patterns share at least one timing mark. 

8. The disk drive as recited in claim 1, wherein: 
at least one of the first and second set of time-based servo 

patterns comprises first and second timing marks; 
the first timing mark comprises a first timing mark pattern; 

and 
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the second timing mark comprises a second timing mark 
pattern different than the first timing mark pattern. 

9. The disk drive as recited in claim8, wherein the first and 
second set of time-based servo patterns overlap in the circum 
ferential direction such that the first and second set of time 
based servo patterns share at least one of the first timing 
marks. 

10. A method of operating a disk drive, the disk drive 
comprising a disk having a first set of time-based servo pat 
terns and a second set of time-based servo patterns that define 
a plurality of servo tracks, wherein: 

the first set of time-based servo patterns comprises a first 
cyclical pattern that repeats radially over the disk; 

the second set of time-based servo patterns comprises a 
second cyclical pattern that repeats radially over the 
disk; 

each cyclical pattern comprises a plurality of timing marks: 
and 

one of the first cyclical patterns overlaps at least part of a 
first servo track, and one of the second cyclical patterns 
overlaps at least part of the first servo track; 

the disk drive further comprising a head actuated over the 
disk, the method comprising: 

detecting a first time interval relative to the timing marks: 
detecting a second time interval relative to the timing 

marks; and 
generating a control signal in response to the first and 

second time intervals, the control signal for positioning 
the head over the disk; 

wherein the first cyclical pattern overlaps the entire first servo 
track, and the second cyclical pattern overlaps a portion of the 
first servo track. 

11. The method as recited in claim 10, wherein the first 
cyclical pattern is the same as the second cyclical pattern. 

12. The method as recited in claim 10, wherein the first 
cyclical pattern is different from the second cyclical pattern. 
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13. The method as recited in claim 10, wherein the first set 

of time-based servo patterns are processed to generate the 
control signal used to maintain the head over the first servo 
track. 

14. The method as recited in claim 13, wherein the second 
set of time-based servo patterns are processed to generate the 
control signal used to maintain the head over a second servo 
track adjacent the first servo track. 

15. The method as recited in claim 10, wherein: 
the first set of time-based servo patterns comprises a first 

timing mark; 
the second set of time-based servo patterns comprises a 

second timing mark; 
the first timing mark comprises a first timing mark pattern; 

and 
the second timing mark comprises a second timing mark 

pattern different than the first timing mark pattern. 
16. The method as recited in claim 10, wherein the first and 

second set of time-based servo patterns overlap in the circum 
ferential direction such that the first and second set of time 
based servo patterns share at least one timing mark. 

17. The method as recited in claim 10, wherein: 
at least one of the first and second set of time-based servo 

patterns comprises first and second timing marks; 
the first timing mark comprises a first timing mark pattern; 

and 
the second timing mark comprises a second timing mark 

pattern different than the first timing mark pattern. 
18. The method as recited in claim 17, wherein the first and 

second set of time-based servo patterns overlap in the circum 
ferential direction such that the first and second set of time 
based servo patterns share at least one of the first timing 
marks. 


